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@ The present invention provides a thermoplastic resin 
composition which is high in heat distortion ternperature and 
superior in processabSity. This composition comprises: 

(A) 30-70 parts by weight of a polyphenylene ether 
having a reduced viscosity (nsp/c) witrrin the range of 0.30 
cB/g or more and less than 0.45 dt/g measured in a 
chloroform solution having a coricentration of 03 g/dl at 
25°C, a mfecture of said polyphenytene ether and poly- 
styrene or a graft copolymer of said polyphenytene ether 
andstyrene, 

(B) 70-30partsbyweig^orana£phat»po)yamkle^ 

(C) 0.01 -30 parts by weight, based on 100 parts by 
weight of the above components (A) and (B), of at least 
one compound selected from the group consisting of 
oxazoSnes and compounds containing, in its molecule, (a) 
a carbon-carbon double bond or a carbon-carbon triple 
bond and (b) at least one functional group selected from 
the group consisting of carboxyi group, acid anhydride 
group, amino group, acid amide group, imido group, epoocy 
group, carboxytate ester group, isocyanate group, methy- 
lol group, oocazoikine group and hydroxyl group as a 
ccn^tinftring agent, and 

(D) 3 -GO parts by weight, based on 100 parts by weig^rt 
of the above components (A), (B) and (C), of at least one 



impact strength modifier selected from the group consist- 
ing of a rubber-Eke material and a modified rubber-tike 
material. 
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Description 

THERMOPLASTIC RESIN COMPOSITION 

The present invention relates to a resin composition which contains a polyphenytene ether and a polyamide. 

More particularly, ft relates to a novel thermoplastic resin composition high in heat distortion temperature 
5 and superior in processabflity which comprises a pofyphenylene ether, an aliphatic polyamide, a specific 
compatibilizing agent and a rubber-like material and/or a modified rubber-like material as an impact strength 
modifier, wherein said polyphenytene ether has a specific reduced viscosity. 

The thermoplastic resin composition of the present invention can be made into shaped articles, sheets, etc. 
by injection molding, extrusion molding, etc. 
10 Resin compositions comprising a polyphenylene ether and a polyamide such as nylon 6 or 66 have been 
known, as disclosed in Japanese Patent Publication (Kokoku) Nos. 45-997 and 53-47390, Japanese Patent 
Publication (Kokai) Nos. 56-16525, 56-26913, 62-151456, 62-129350 and 62-250050 and U.S. Patent 
No. 4,315,086. 

These resin compositions have been known to be useful resin compositions which offset defects of the two 
15 resin components, for example, low processabifity and low solvent resistance of the polyphenylene ether and 
low heat resistance and high water absorbency of the polyamide. 

Furthermore these resin compositions contain as a main component a polyphenylene ether which is highly 
heat resistant non-crystalline resin and hence have the feature that high-load heat distortion temperature is 
higher than that of crystalline aliphatic polyamide itself. Thus, they are recently extended to a wide range of 
20 applications such as electric parts, rrtechanical parts, sports goods, automobile parts, especially exterior 
parts. 

However, resin compositions comprising a rubber-Eke material In addition to a polyphenylene ether and an 
aliphatic polyamide to improve impact strength suffer from reduction of heat distortion temperature, and 
improvement has been desired. 
25 An object of the present invention is to provide a resin composition comprising a polyphenylene ether, an 
aliphatic polyamide and a rubber-like material as an impact strength modifier, which is improved in heat 
cfistortion temperature. 

Resin compositions containing a polyphenylene ether and an aliphatic polyamide normally increase or 
decrease in high-load heat distortion temperature (heat distortion temperature at a fiber stress of 18.6 kg/cm 2 
30 in accordance with ASTM D648) depending on increase or decrease in content of polyphenylene ether. 
Therefore, decrease in high-load heat distortion temperature caused by addition of a rubber-like material can 
be easily improved by increasing polyphenylene ether content and complementarity decreasing polyamide 
content in the compositions. However, the compositions obtained in this manner have the significant defects 
that melt-flow characteristics are deteriorated and surface of injection-molded products is sometimes 
35 roughened. Moreover, a polyphenylene ether having a -nsp/c of about 0.5 dl/g or higher has been normally 
used for the known resin compositions comprising polyphenylene ether and a polyamide. In this respect, see 
Japanese Patent Publication (Kokoku) No. 60-11966, Japanese Patent Publication (Kokai) Nos. 56-49753, 
61-204263, 61-204261 and 57-36150 and Japanese Patent Publication (Kohyo) No. 62-500458. 
The inventors have made intensive researches in an attempt to improve high-load heat distortion 
40 temperature of resin compositions comprising (A) polyphenylene ether, (B) an aliphatic polyamide and (D) a 
rubber-like material without damaging melt flow characteristics, and as a result have found that a resin 
composition having excellent balance of properties and Improved in high-load heat distortion temperature can 
be obtained by using a polyphenylene ether having a reduced viscosity (nsp/c) within the range of 0.30 dl/g or 
more and less than 0.45 dl/g and further using (C) a specific compatibilizing agent 
45 That is, the present invention relates to a therrnoptestic resin composition which comprises: 

(A) 30 - 70 parts by weight of a polyphenylene ether having a reduced viscosity ("nsp/c) within the range 
of 0.30 dl/g or more and less than 0.45 dl/g measured in a chloroform solution having a concentration of 
0.5 g/dl at 25° C, a mixture of said polyphenylene ether and polystyrene or a graft copolymer of said 
polyphenylene ether and styrene, 
50 (B) 70 - 30 parts by weight of an aSphatic polyamide, 

(C) 0.01 - 30 parts by weight, based on 100 parts by weight of the total of the above components (A) 
and (B), of at least one compound selected from the group consisting of oxazolines and compounds 
containing, in its molecule, (a) a canbon-carbon double bond or a carbon-carbon triple bond and (b) at 
least one functional group selected from the group consisting of carboxyl group, acid anhydride group, 

55 amino group, acid amide group, irntdo group, epoxy group, carboxytate ester group, isocyanate group, 

methytol group, oxazoticBne group and hydroxy) group as a compatibilizing agent [component (C) 
hereinafter referred to as •corr^atibiSzing agentH, and 

(D) 3 -60 parts by weight, based on 100 parts by weight of the total of the above components (A), (B) 
and (C), of a rubber-lfte material and/or a modified rubber-like materia) as an impact strength modifier. 

60 The polyphenylene ether used in the present invention is a homopolymer or a copolymer composed of the 
following repeating unit (I) or (I) and (II): 
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wherein Ri, Ffe, R3.R4.R5 and Re which may be identical or different each represents a monovalent residue 
such as an alky! group of 1 - 4 carbon atoms excluding tert-butyl group, an aryt group, a halogen atom or a 
hydrogen atom, and R3 and Rs cannot be simultaneously hydrogen atom. 

The polyphenytene ether may be a mixture of said homopolymer and said copolymer, a mixture of said 
polymer and polystyrene, or a graft copolymer of said polymer with styrene or the like. 15 

The rtornopolymer of polyphenytene ether includes poJy(2,6-dimethyM ,4-phenytene)ether, poly(2-methyi- 
6-ethyM > 4-phenytene)ether, poly (2,6-diethyM ^hertytenejether, po»y(2-ethv|-6-n-propyVl ,4-phe- 
nylene)ether, poly (2,&«ii-n-propyl-1 ,4-phenytene)ether, pofy(2-^thy1-6^vbutyl-1 ,4-phenytene)ether, 
por/t2-ethv»-6-isopropyM ,4-pbenytene)ether, poty(2-methyK6-chlon>1 ,4-phenylene) ether, poly(2-methyl- 
6-hydroxyethyl-1 ,4-phenytene) ether and rx>ly(2-^rtetriyl-6-c*i)oroethy»-1 ,4-phenylene) ether. 20 

The copolymer of polyphenytene ether includes potyphenylene ether copolymers mainly composed of 
polyphenylene ether structure which is obtained by copolymerization with o-cresol or an alkyl-substftuted 
phenol such as 2&64rimethytphenol which is represented by the formula (III): 



25 
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wherein R3, R4, R5 and Re each represents a monovalent residue such as an alkyl group of 1 - 4 carbon atoms 
excluding tert-butyl group, an aryl group, a halogen atom or a hydrogen atom, and R3 and R5 cannot be 35 
simultaneously hydrogen atom. 

The aliphatic polyamides of component (B) used in the present invention may be those known in the art The 
aliphatic polyamides have a molecular weight of 10,000 or more and can be produced by bonding of equi molar 
of a saturated aliphatic dtearboxylic acid of 4- 12 carbon atoms and an aliphatic diamine of 2- 12 carbon 
atoms. However, in the production, if necessary, the diamines may be excessively used so as to provide more 40 
amine terminal groups than carboxyl terminal groups in the polyamide, or alternatively, a dibasic acid may be 
excessively used so as to provide more acid groups. Similarly, these polyamides can be conveniently 
produced from acid production derivatives and amine production derivatives such as esters, acid chlorides 
and amine salts, of the above mentioned adds and amines. 

Typical examples of the aliphatic dicarboxylic acid used for production of the polyamides include adipic acid, 45 
pimeiic acid, azelaic acid, suberic acid, sebactc add and dodecanediolc acid. 

On the other hand, typical examples of the aliphatic (famines include hexamethylenedtamine and 
octamethylenecfiarnine. 

In addition, the aliphatic polyamides may also be produced by self-condensation of lactam. 

Examples of the aliphatic polyamides are polyhexamethytene adipamide (nylon 66), polyhexamethylene 50 
azeJamkte (nylon 69), polyhexamethylene sebacamide (nylon 610), polyhexamethylene dodecanoamide (nylon 
612), poiy-bis-(p-aminocyclohexyQ dodecanoamide, polytetranretriytene acfipamkte (nylon 46) and 

polyamides produced by ring cleavage of lactam such as polycaprolactam (nylon 6) and pdyfauryl lactam. 
Furthermore, there may be used polyamides produced by polymerization of at least two amines or acids 
selected from those used for production of the above-mentioned polymers, for example, polymers produced 55 
from adipic acid, sebacic add and hexamethylenediamine. The aliphatic polyamides further include blends of 
above-mentioned polyamides such as a blend of nylon 6 and nylon 66 including copolymers such as nylon 
66/6. 

Preferably, the afphatic polyamides used in the present Invention are polyhexamethylene adipamide (nylon 
66), polycaprolactam (nylon 6) and a blend of polyhexamethylene adipamide (nylon 66) with polycaprolactam 60 
(nylon 6). 

The compatfrffizing agent of component (C) used in the present invention is at least one compound 
selected from the group consisting of oxazoGnes and compounds having in its molecule (a) carbon-carbon 
double bond or carbon-carbon triple bond and (b) at least one functional group selected from carboxyl group, 
acid anhydride group, amino group, acid amide group, imfdo group, epoxy group, carboxytate group, 65 



3 



EP 0337814 A2 



isocyanate group, methyfd group, oxazdkf ne group and hydroxyl group. 

Examples of the cornpafibflcing agent are maleic anhydride (MAH), maleic acid, fumaric acid, mateimkte, 
maleic hydiazkJe, reaction products of maleic anhydride and diamines, e.g., those having the structure 
represented by 




15 wherein R represents an aliphatic or aromatic group; methyl nadic anhydride, dichloromaleic anhydride, 
rnaleinamide; natural fats and oPs such as soybean oil, tung oQ, caster oil, linseed oil, hempseed oil, 
cottonseed on, sesame oil, rapeseed ofl, peanut dl, tsubaki oB, olive oil, coconut oil and sardine oil; epoxidized 
natural fats and oOs such as epoxidized soybean oil; unsaturated carboxylic acids such as acrylic acid, 
butenoic acid, crotonic acid, vinyiacetic acid, itaconlc acid, methacrylic acid, pentenoic acid, angelic acid, tiglic 

20 add, 2-pentenoic acid, 3-pentenoic acid, a-etrrytecrytic acid, fHrathylcrotonic acid, 4-pentenoic acid, 

2- hexenoic acid, 2-metrryl-2-perrtenoic add, 3-irtethyl-2-pentendc acid, a-ethytcrotonic add, 2£-dimetrryV- 

3- butertoic add, 2-heptenotc acid, 2-octenoic acid, 4~decenoic acid, 9-undecenoic acid. 10-undecenoic acid, 

4- dodecenoic add, 5-dodecenoic add, 4-tetradecenoic acid, 9-tetradecenoic add, 9-hexadecenoic acid, 

2- octadecenoic acid, 9-octadecenoic acid, eicosenoic acid, docosendc acid, erudc acid, tetracosenolc add, 
25 nrr/coOpenic acid, 2,4-pentadienoic acid, 2,4-hexadienoic acid, diallytacetic acid, geranic acid, 2,4-decadiendc 

acid. 2,4-ctodecadienoic acid, 9,12-hexadecadtenoJc acid, 9,12-octadecadienoic add, hexadecatrienoic add, 
linolic acid, linoteic acid, octadecatrienoic add, etcosatttenoic acid, eicosatrienoic acid, eicosatetraenoic add, 
ridndetc add, eleostearic add, oleic acid, eicosapentaenoic acid, erucic acid, docosadienoic acid, 
docosatrienoic acid, docosatetraenoic acid, docosaperrtaenoic acid, tetracosenolc acid, hexacosenoic acid, 

30 hexacodienoic add, octacosenotc acid and tetracontenoic add; 4^etrryicydohexa-4-ene-1 ,2-dicarboxylic 
add anhydride (4-MTHPA), 1 »23,4,5,8 l 9,10K>ctahydronaphmate^ acid anhydride, bicy- 

do(2^)octa-5-ene-2^icarboxyfic acid anhydride (BODA), bk^o (2,2,1 )octa-7^ne-2,3^,6-tetracartx>xylic 
acki-2A5.6-diartfiydide, mateo-pimaric acid (M-PA), bteyclo(2£ 1 )hepta^ne-2,3~dlcarboxy1ic acid anhy- 
dride (NBDA), X-rm*hylbicydo(2£1)heD^^ add anhydride (XMNA), 7-oxabicydo 

35 (2^1)hepta-6^e-2^c0carboxylic acid anhydride, or esters, acid amides and anhydrides of these 
unsaturated carboxylic adds; unsaturated alcohols such as ally! alcohol, crotyl alcohol, methylvirtylcarblnd, 
allylcarbind, n^thylpropenylcarbinol, 4-pentene-1-ol, 10-undecene-1-ol, propargyl alcohol, 1,4~pentadiene- 

3- ol. 1,4-hexadlene-3-ol, 3,5-hexadiene-2-ol, 2,4-hexadiene-l-ol, alcohols represented by the formulas 
CnHai^OH, CdHzivtOH, and CnHanjOH (wherein n is a positive integer), 3-butene 1,2-did, 2,5-dimethyl- 

40 3-hexene-2£-diol, 1,54iexadiene-3,4-dk)l and 2,6-octacfiene-4^-d]d; unsaturated amines prepared by 
substituting the OH group of these unsaturated alcohols with -NH2 group; gryddyt acrylate (GA), glycktyl 
methacrytete (GMA), and airyt grycktyl ether. 

It is needless to say that the axnpatibflizing agent (C) includes compounds containing two or more double 
bonds or triple bonds of the above group (a) and two or more identical or different functional groups of the 
45 above (b). Furthermore, it is also possible to use as the compatibifizing agent (C) two or more of the 
above-mentioned compounds in combination. 

Suitably, the compatibiSzing agents (C) are maleic anhydride, maleic acid, fumaric acid, rtaconic add, 
gryddyl acrylate, grycidyl methacrylate and aDyl glyddyl ether. 
In the present invention, there is used (D) rubber-like materials such as elastomers and pdyolefin resins 
50 having low flexura! modulus and/or modified rubber-See materials as impact strength modifier. 

Examples of the rubber-Hoe materials are ethylene propylene rubber, ethylene propylene non-conjugated 
tfiene rubber, ethylene butene rubber, propylene butene rubber, isoprene butyiene rubber, pdyisoprene, 
potybutadiene, styrene butadiene rubber, styrene butadiene styrene block copolymer, partially hydrogenated 
styrene butadiene block copolymer, styrene isoprene block copolymer, partially hydrogenated styrene 
55 isoprene block copolymer, and inear low-density polyethylene and mixture thereof. 

The modified rubber-lice materials are those obtained by modifying the above-mentioned rubber-like 
materials with the co mp at ib iizing agent (C). Examples of the modified rubber-like materials are maleic 
anhydride grafted ethylene propylene rubber, maleic anhydride grafted styrene butadiene styrene block 
copolymer, maleic anhydride grafted partiaHy hyefrogenated styrene butadiene styrene block copolymer, and 
60 glyddyl rrtettacrytate grafted ethylene propylene rubber. 

The rubber-fte material further includes copolymers with the cornpatibnizing agent such as ethylene-acry- 
late-maJeic anhydride terpolymer, ethytene-ecrylate-gjycidyl methacrylate terpolymer, ethytene-vinyl acetate- 
glyctdyl methacrylate terpolymer and mixtures thereof. 
Among the component (D), preferred are ethylene propylene rubber, ethylene butene rubber, styrene 
65 butadiene styrene block copolymer, partially hydrogenated styrene butadiene styrene block copolymer, 
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styrene tsoprene styrene block copolymer, partially hydrogenated styrene isoprene styrene block copolymer, 
Bnear low-density polyethylene having a density of 0.885 - 0.935 g/cm 3 , preferably 0.885 - 0.925 g/cm 3 . Also 
preferred are ethytene-methyl acrytate-rrtaleic anhydride terpolymer, ethyl ene-ethyl acrylate-maleic anhydride 
terpolymer, ethytene-vinyl acetate-glycidyl methacrylate terpolymer, ethylene-methyl acrylate-glycfdyl methac- 
rytate terpolymer and mixtures thereof. 5 

Further, the compatfcflizing agent used for modifying the rubber-tike material is especially preferably one 
which reacts with a compatibilizing agent which is to be used as component (C). For example, when 
unsaturated carboxylic acids or acid anhydrides such as maleic anhydride (MAH), maleic acid, fumaric acid, 
itaconic acid, acrylic acid and bicydo(2^1)hepta-5^ne-2,3^carboxytic acid anhydride (NBDA) are used as 
the compatibilizing agent (C), it is preferred to modify the rubber-like material with epoxy group-containing 10 
unsaturated monomers such as glycidyl acrytate (GA), glycidyl methacrylate (GMA), and aUylglycidyl ether, 
unsaturated alcohols such as ally) alcohol and crotyl alcohol, unsaturated amines such as allyiamine and 
diallylamine, or phenols. 

When unsaturated alcohols such as allyl alcohol and crotyl alcohol are used as compatibilizing agent (C), it is 
preferred to modify the rubber-like material with epoxy group-containing unsaturated monomers such as 15 
glycidyl acrytate, glycidyl methacrylate and aUylglycidyl ether, unsaturated carboxylic acids or acid anhydrides 
such as maleic anhydride, maleic acid, fumaric acid, itaconic acid, acrylic acid and NBDA, or maleimide. 

When epoxy group-containing unsaturated monomers such as glycidyl acrytate, glycidyl methacrylate and 
aUylglycidyl ether are used as compatibilizing agent (C), it is preferred to modify the rubber-like material with 
such unsaturated carboxylic acids or acid anhydrides as exemplified above, such unsaturated amines as 20 
exemplified above, such unsaturated alcohols as exemplified above or maleimide. 

When such unsaturated amines as exemplified above are used as compatibilizing agent (C), It Is preferred to 
modify the rubber-like material with such epoxy group-containing unsaturated monomers as exemplified 
above or such unsaturated carboxylic acids or acid anhydrides as exemplified above. 

Amount of component (D) is preferably 3 -60 parts by weight based on 100 parts by weight of the total of 25 
components (A), (B) and (C). 

Blending method of the components (A), (B) and (C) and (D) rubber-like material and/or modified 
rubber-like material which is an impact slie n ylli modifier is not limited, and only known melt kneading method 
can be used. Extruders, kneaders, rolls and the like, preferably extruders can be used as melt kneading 
apparatuses. There Is not special limitation in sequence of addition of the components upon melt kneading. 30 
That is, any of the following methods may be employed: a method which comprises adding all of components 
(A), (B), (C) and (D) at the same time and simultaneously melt kneading them, a method which comprises 
previously melt kneading components (A), (C) and (D) in the presence or absence of a free-radical initiator and 
then adding component (B) and melt kneading them, a method which comprises previously melt kneading 
components (A) and (C) in the presence or absence of a free-radical initiator and then adding components (B) 35 
and (D) and melt kneading them, and a method which comprises previously melt kneading components (C) . 
and (D) in the presence of a free-racficaJ initiator and then adding components (A) and (B) and melt kneading 
them. 

In the present invention, the blending ratio of components (A), (B) and (C) is 30 - 70 parts by weight of 
component (A), 70 - 30 parts by weight of component (B) and 0.01 - 30 parts by weight of component (C) 40 
based on 100 parts by weight of the total of components (A) and (B). If amount of component (C) is less than 
0j01 part by weight, mechanical strength of the thermoplastic resin is deteriorated and the desired effect of the 
present invention cannot be obtained. If more than 30 parts by weight, appearance of molded product is 
inferior. 

The polyphenylene ether of component (A) has a reduced viscosity (nsp/c) of 0.30 dl/g or more and less 45 
than 0.45 dl/g, preferably 0.30 dl/g or more and less than 0.40 dl/g, measured at 25° C In a chloroform solution 
of OS g/dl in concentration. If the reduced viscosity is less than 0.30 dl/g, mechanical strength, especially 
impact strength of the resulting thermoplastic resin composition decreases and the desired object cannot be 
attained. If 0.45 dl/g or more, effect to improve high-load heat distortion temperature is markedly decreased. 

The resin composition of the present invention may further contain ordinary fillers such as glass fiber, glass 50 
flake, talc and mica, dyes, pigments, ultraviolet degradation inhibitors, heat stabiSzers, flame-retardarrts, 
antioxidants, plastisizers and the like. 

The molded products obtained from the thermoplastic resin composition of the present invention can be 
used suitably for automobile parts and electrical and electronic parts. 

As examples of automobile parts to which the composition of the present invention can be applied, mention 55 
may be made of exterior trim parts such as bumper, fender, apron, hood panel, fascia, rocker panel, rocker 
panel reinforce, floor panel, rear quarter panel, door panel, door support, roof top, and trunk lid, interior trim 
parts such as instrument panel, console box, glove box, shift knob, pillar garnish, door trim, handle, arm rest, 
wind louver, carpet, head rest, seat belt, and seat, interior parts of engine room such as distributor cap, air 
cleaner, radiator tank, battery case, radiator shroud, washer tank, cooling fan, and heater case, mirror body, 60 
wheel cover, trunk trim, trunk mat and gasoline tank. 

The foUowtng examples further Bustrate the present invention, but the present invention is not limited to 
them. 

In the examples, reduced viscosity (tjsp/c) of polyphenylene ether was measured at 25° C in a chloroform 
solution of 0.5 g/dL Heat cfistortion temperature (HDT), tzod impact strength with notch (Nl) and flaxural 65 
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modulus of the resfri composition were measured according to ASTM D848, D2S6 and D790, respectively. 

Any of the resin compositions to be subjected to injection molding for preparation of test pieces was 
subjected to vacuunwirying at 120°C for 6 hours prior to use. Properties of test pieces were measured after 
they were left to stand for 48 hours in an air atmosphere of 23°C and 50<Vb R.H. 
5 Dumbbell specimens of ASTM standard were molded under the Ejection molding conditions of cylinder 
temperature 290° C and mold temperature 80°C. Injection molding machine was E> 150E manufactured by 
Toshiba Machine Co., Ltd. 

Reference Example 1 

10 

(Preparation of polyphenylene ether in accordance with the process disclosed in Japanese Patent Publication 
(Kokoku) No. 60-46129) 

A reactor of 15 m 3 was charged with 1222 kg of 2£4imethylphenol l 3665 kg of xylene. 1222 kg of 
methanol. 2.4 kg of sodium hydroxide, 0.33 kg of Erfochrome Black T manufactured by Nakarai Kagaku 

15 Yakuhtn Kabushiki Kaisha, 1.49 kg of 2-pipecoiine and 0.059 kg of manganese chiorlde tetrahydrate. Air was 
blown into the reactor at a rate of 300 Nl/min. for 10 hours with stirring the mixture to effect oxidation 
polymerization reaction. During the reaction, temperature of reaction mixture was kept at 30° C and pressure 
of reaction system was kept at 8 kg/cm^G. After termination of the reaction , post-treatment was conducted by 
ordinary method to obtain 119 kg of poly(2,6-d]methy»-1 ,4-pheny»ene)ether having a reduced viscosity of 0.416 

20 dl/g. 

Polyphenylene ethers different in reduced viscosity referred to hereinafter were prepared in accordance 
with this Reference Example 1. 

Reference Example 2 

25 

(Preparation of maleic anhydride grafted ethylene-propylene rubber EPR) 

100 parts by weight of EPR, i.e., Esprene* E-120 manufactured by Sumitomo Chemical Co., Ltd., 15 parts by 
weight of styrene monomer, 15 parts by weight of maleic anhydride and 0.1 part by weight of a free-radical 
initiator, Le., cficumyl peroxide (DCP) manufactured by Nippon Ofl & Fats Co., Ltd. were previously mixed well 
30 using Henschel mixer, and then extruded by the same twin-screw extruder manufactured by Nippon Seikosho 
Kabushiki Kaisha as used in the following Examples. Cylinder temperature was set at 230° C and screw speed 
was set at 190 rpm. 

Reference Example 3 

35 

(Preparation of maleic anhydride grafted partially hydrogenated styrene butadiene styrene block copolymer) 

Modification with maleic anhydride was effected in the same manner as In Reference Example 2 except that 
a partially hydrogenated styrene butadiene styrene block copolymer, Le., Kraton • G1650 manufactured by 
40 Shell Chemical Co. was used in place of EPR. 

In all of the following Examples and Comparative Examples, kneading was carried out by twin-screw 
extruder TEX 44 manufactured by Nippon Seikosho Kabushiki Kaisha. This extruder had LTD *=* 32 and was 
provided with a first feed opening and with a second feed opening at the position of LTD = 16. 

45 Example 1 

The polyphenylene ether prepared in Reference Example 1 , maleic anhydride as a compatibflizing agent, the 
maleic acid grafted ethylene-propylene rubber prepared in Reference Example 2 as a modified rubber-Gke 
material and dtcumyl peroxide, Sanperox?DCP manufactured by Sar^ 
using a tumbler mixer and the nribcture was fed from ttefo^ 

50 second opening were fed polyamkte, 05 part by weight, based on 100 parts by weight of the total of 
polyphenylene ether, maleic anhydride grafted ethylene-propylene rubber and priyamxte, of 2-t-butyl- 
6-[y-t-buty)n5'-metriy^^ acrytate, i.e., Sumflizer* GM manufactured by 

Sumitomo Chemical Co., Ltd. as an anti-oxidant, and 05 part by weight, based on 100 parts by weight of the 
total of polyphenylene ether, maleic anhydride grafted ethylene-propylene rubber and polyamide, of 

55 pemaerythritoHetraxis (fMauryl thiopropionate), i.e., Sumflizer® TPD manufactured by Sumitomo Chemical 
Co., Ltd, and kneading was effected. 

Cylinder temperature was set at 260° C and screw speed was set at 360 rpm. Mixing ratio of raw materials 
was that shown in Table 1. 
ComnierciaOy avafeble nylon 6, Le., A1030 BRL manufactured by Umtfta Ltd. was used as an aliphatic 

€0 polyamide. 

Example 2 

A resin composition was prepared at the same mixing ratio and under the same extrusion conditions as in 
Example 1 except that poly(2^-dlmethyl-1.4-prteny)ene ether) having nsp/c of 0.352 dl/g manufactured by 
65 Japan PoJyether Co. was used as polyphenylene ether. 
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Comparative Example 1 

A resin composition was prepared at the same mixing ratio and under the same extrusion conditions as in 
Example 1 except that poly(2£-dimethyl-1 ,4-phenylene ether) having nsp/c of CX527 dl/g manufactured by 
Japan Poiyether Co. was used as porypbenylene ether. 5 

Example 3 

A resin composition was prepared at the same mbdng ratio and under the same extrusion conditions as in 
Example 1 except that nylon 66, i.e., Maraneel A-100 manufactured by ICI Corp. was used as an aliphatic 
poiyamide. 10 

Comparative Example 2 

A resin composition was prepared at the same mixing ratio and under the same extrusion conditions as in 
Example 3 except that poly(2 f &<iimethyl-1,4-phenylene ether) having t]sp/c of 0.527 dl/g manufactured by 
Japan Pofyether Co. was used as polyphenylene ether. 15 

Example 4 

A resin composition was prepared at the same mixing ratio and under the same extrusion conditions as in 
Example 1 except that a partially hydrogenated styrene-butadiene-styrene block copolymer, I.e., Kraton G 9 
1650 manufactured by Shell Chemical Co. was used in place of maleic anhydride grafted EPR and raw material 20 
components were all fed from the first feed opening. 

Comparative Example 3 

A resin cc*nposrtion was prepared at the same mixing ratio and under the same extrusion conditions as in 
Example 4 except that poly<2,Mimethyl-1 ,4-phenylene ether) having nsp/c of 0.527 dl/g manufactured by 25 
Japan Poiyether Co. was used as polyphenylene ether. 

Example 5 

A resin composition was prepared at the same mbdng ratio and under the same extrusion conditions as in 
Example 1 except that the maleic anhydride grafted partially hydrogenated styrene-butadiene-styrene block 30 
copolymer prepared in Reference Example 3 was used in place of maleic anhydride grafted EPR and neither 
maleic anhydride nor dicumyi peroxide was added. 

Comparative Example 4 

A resin composition was prepared at the same mixing ratio and under the same extrusion conditions as in 35 
Example 5 except that poly(2 t 6-dimethyl-1 ,4-phenylene ether) having rjsp/c of 0.527 dl/g manufactured by 
Japan Poiyether Co. was used as polyphenylene ether. 

Example 6 

A resin composition was prepared at the same mixing ratio and under the same extrusion conditions as in 40 
Example 1 except that poly(2,6-dimethyM ,4-phenylene ether) having ijsp/c of 0.390 dl/g manufactured by 
Japan Poiyether Co. was used as polyphenylene ether. 

Example 7 

A resin composition was prepared at the same mixing ratio and under the same extrusion conditions as in 45 
Example 1 except that po)y(2,6-djmethyl-1 ,4-phenylene ether) having nsp/c of 0.347 dl/g manufactured by 
Japan Poiyether Co. was used as polyphenylene ether. 

Example 8 

A resin composition was prepared at the same mixing ratio and under the same extrusion conditions as in 50 
Example 3 except that poly(2,6-dirnethyl-1 ,4-phenylene ether) having nsp/c of 0.347 dl/g manufactured by 
Japan Poiyether Co. was used as polyphenylene ether. 

Example 9 

Example 1 was repeated except that bk^cio(2^1)hepta-5-ene-2,3-dicart>oxyiic acid anhydride grafted 55 
ethylene-propylene rubber (NBDA-EPR) was used in place of maleic anhydride grafted ethylene-propylene 
rubber (MAH-EPR). NBDA-EPR was prepared in the same manner as in preparation of MAH-EPR (Reference 
Example 2) except that NBDA was used in place of maleic anhydride. 

Example 10 60 

Example 1 was repeated except that 4-methylcyclohexa-4-ene-1 ,2-dicarboxylic acid anhydride grafted 
ethylene-propylene rubber (4-MTHPA -EPR) was used in place of MAH-EPR. 4-MTHPA-EPR was prepared in 
the same manner as in preparation of MAH-EPR (Reference Example 2) except that 4-MTHPA was used in 
place of maleic anhydride. 

65 



7 



EP 0337 814 A2 



Example 11 

Example 1 was repeated except that glycidyt rnethacrytate grafted ethylene propylene rubber (QMA-EPR) 
was used fan place of MAH-S*R. GMA-B>R was prepared in the same manner as in preparation of MAH-EPR 
(Reference Example 2) except that GMA was used in place of maleic anhydride. 

5 

Example 12 

Example 11 was repeated except that glycidyl rnethacrytate was used in place of maleic anhydride as a 
compatibilizing agent 

10 Example 13 

Example 1 was repeated except that glycidyl rnethacrytate was used in place of maleic anhydride as a 
cornpatibiToing agent and NBDA-EPR was used in place of MAH-EPR. 

Example 14 

15 Example 1 was repeated except that glycJdyJ methacrytate^thytene-methyl acrylate copolymer (GMA-EMA: 
GMA 15 wttfo, E 56.5 wtflit, MA 42 wtftto manu factored by Sumitomo Chemical Co. Ltd.) was used in place of 
MAH-EPR. 

Compositions and results of measurement of properties in these examples and comparative examples are 
shown in Tables 1 and 2. 

20 The thermoplastic resin composition of the present invention which comprises, at a specific mixing ratio, a 
pofyphenyfene ether, an aliphatic poryarnJde, a compatibilizing agent and a rubber-like material is good in 
impact resistance of resulting molded product and is excellent in high-load heat distortion temperature and 
thus can be applied to various uses. 
This novel resin composition provided by trie present invention can be easily processed into shaped articles, 

25 sheets, fBms and the like by ordinary methods employed for thermoplastic resins such as injection molding 
and extrusion molding. These products have very good balances in properties such as impact resistance, heat 
resistance and ftexural stiffness. The composition is especially useful for injection molding. 

30 
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Ctafrns 

5 

1. A thermoplastic resin composition which comprises: 

(A) 30 - 70 parts by weight of a polyphenylene ether having a reduced viscosity nsp/c within the 
range of 0.30 dl/g or more and less than 0.45 dl/g measured in a chloroform solution having a 
concentration of 0.5 g/dl at 25° C, a mixture of said polyphenylene ether and polystyrene or a graft 
copolymer of said polyphenylene ether and styrene, 10 

(B) 70 - 30 parts by weight of an aliphatic polyamide, 

(C) 0.01 - 30 parts by weight, based on 100 parts by weight of the total of the above components 

(A) and (B), of at least one compound selected from the group consisting of oxazolines and 
compounds containing, in its molecule, (a) a carbon-carbon double bond or a carbon-carbon triple 
bond and (b) at least one functional group selected from the group consisting of carboxyl group, acid 15 
anhydride group, amino group, acid amide group, imido group, epoxy group, carboxylate ester 
group, isocyanate group, methyld group, oxazoiicfine group and hydroxyl group, as a compatibilizing 
agent, and 

(D) 3 -60 parts by weight, based on 100 parts by weight of the total of the above components (A), 

(B) and (C), of at least one impact strength modifier selected from the group consisting of a 20 
rubber-Dice material and a modified rubber-like material. 

2. A thermoplastic resin composition according to claim 1 wherein the polyphenylene ether (A) has a 
reduced viscosity nsp/c of 0.30 dl/g or more and less than 0.40 dl/g . 

3. A thermoplastic resin composition according to claim 1 wherein the polyphenylene ther (A) is one 
member selected from the group consisting of poly (2,6-dimethyl-1 ,4-phenylene ether) and a copolymer of 25 
2,6^methy!phenoJ and 2AWnmethylphenoJ. 

4. A thermoplastic resin composition according to claim 1 wherein the aliphatic polyamide (B) has an 
average molecular weight of 10,000 or more and comprises units of lactam or co-amino add of 4 - 12 
carbon atoms, or units derived from aliphatic dicarboxytic acid containing 4-12 carbon atoms and 
afiphaoc diamine containing 2-12 carbon atoms. 30 

5. A thermoplastic resin composition according to daim 1 wherein the modified rubber-lfte material (D) 
is a rubber-tike material modified with a compound selected from the compatibilizing agents (C). 

6. A themtoplastic resin composition according to daim 1 or 5 wherein the compatibilizing agent (C) is 
a compound selected from the group consisting of maleic anhydride, maleic add, fu marie add, rtaconic 
add, gJyctdyl acrytate, glyddyl methacryiate and allylglycidyl enter. 35 
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